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VEHICLE TIRE PRESSURE LEARNING
SYSTEM AND METHOD

TECHNICAL FIELD

Embodiments generally relate to vehicle tire pressure
sensors. More particularly, embodiments relate to more
accurately predicting and determining a cause of changes 1n
vehicle tire pressures.

BACKGROUND

Tires are critically important components of a vehicle.
Properly inflated and maintained tires help to provide a safe
and enjoyable driving experience for vehicle users. Proper
inflation (e.g., inflation within a range ol pressures pre-
scribed by the tire manufacturer) helps tires maintain an
intended performance profile including, for example, tread-
surface contact, traction, sidewall rigidity, responsiveness,
load capacity, and the like. Conversely, under-inflated or
over-inflated tires may present serious safety hazards.
Under-intlation, for example, may cause the tires to be more
casily damaged (e.g., punctured) as the thin side walls of the
tires (which are not intended to contact the road or ground
surface) may come into contact with the road surface or
debris. Similarly, over-inflation may cause the tires to
become too rigid and unforgiving, and increase the likeli-
hood of puncture. Under-inflation and over-inflation may
also substantially impact the drivability, performance and
wear of tires. Air temperatures directly impact tire iniflation
(1.e., tire pressure). As air temperature rises, tire pressure
rises. As air temperature drops, tire pressure drops. Signifi-
cant changes in air temperature may therefore present a
challenge to maintaining stable tire pressure. Due to the
impact of tire inflation on vehicle safety, performance, and
drivability, maintaining proper tire inflation 1s critically
important.

BRIEF SUMMARY

In one embodiment, a vehicle tire pressure learning sys-
tem including a processor, memory communicatively
coupled to the processor, and one or more tire pressure
monitoring sensors (IPMS), in communication with the
processor, to collect data related to a pressure of one or more
tires of a vehicle, and provide a warning for a low or high
tire pressure. The system may also include a historic weather
data subsystem, in communication with the one or more tire
pressure monitoring sensors, to determine weather patterns,
wherein the weather patterns include fluctuations and steady
states of temperature. The historic weather data subsystem
may provide, when the weather 1s determined to be fluctu-
ating, an alert that an indicator associated with the one or
more tire pressure monitoring sensors may have been acti-
vated due to changing weather, and provide, when the
weather 1s determined to be substantially steady, an alert that
an indicator associated with the one or more TPMS may not
have been activated due to weather. The system may further
include a TPMS machine learning subsystem 1n communi-
cation with the one or more tire pressure monitor sensors and
the historic weather data subsystem, wherein the TPMS
machine learning subsystem includes a processor and
memory having a set of instructions, which when executed
by the processor, cause the TPMS machine learning subsys-
tem to determine a probable accuracy of the TPMS alert
based on the historic TPMS data including checking for
outliners in the weather patterns.
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In another embodiment, a method of operating a vehicle
tire pressure learning system including collecting, via one or
more tire pressure monitoring sensors (IPMS), data related
to a pressure of one or more tires of a vehicle, providing a
warning for a low or high tire pressure, and determining, via
a historic weather data subsystem, weather patterns, wherein
the weather patterns include tluctuations and steady states of
temperature. The method may include providing, when the
weather 1s determined to be fluctuating, an alert that an
indicator associated with the one or more TPMS may have
been activated due to changing weather, and providing,
when the weather 1s determined to be substantially steady, an
alert that an 1ndicator associated with the one or more TPMS
may not have been activated due to weather. The method
may further include checking historic TPMS data to deter-
mine a probable accuracy of the TPMS alert based on the
historic TPMS data including checking for outliners in the
weather patterns.

In yet another embodiment, at least one computer read-
able storage medium comprising a set of mstructions, when
executed by a processor, cause the processor to collect, via
one or more tire pressure monitoring sensors (IPMS), data
related to a pressure of one or more tires ol a vehicle,
provide a warning for a low or high tire pressure, and
determine, via a historic weather data subsystem, weather
patterns, wherein the weather patterns include fluctuations
and steady states of temperature. The computer readable
storage medium, when executed by the processor may also
cause the processor to provide, when the weather 1s deter-
mined to be fluctuating, an alert that an 1ndicator associated
with the one or more TPMS may have been activated due to
changing weather, and provide, when the weather 1s deter-
mined to be substantially steady, an alert that an indicator
associated with the one or more TPMS may not have been
activated due to weather. The computer readable storage
medium, when executed by the processor may also cause the
processor to determine a probable accuracy of the TPMS
alert based on the historic TPMS data including checking for
outliners 1n the weather patterns.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The various advantages of the embodiments will become
apparent to one skilled in the art by reading the following
specification and appended claims, and by referencing the
tollowing drawings, in which:

FIG. 1 1s a block diagram of an example of a vehicle tire
pressure learning system according to an embodiment;

FIG. 2 1s a more detailed block diagram of an example of
a vehicle tire pressure learning system implemented 1n a
vehicle according to an embodiment;

FIGS. 3A-3C illustrate examples of vehicle tire tread and
road surface contact patterns according to at least one
embodiment; and

FIG. 4 1s a flowchart of an example of a method of
operating vehicle tire pressure learming system according to
an embodiment.

DETAILED DESCRIPTION

Turmning now to FIG. 1, an example of a vehicle tire
pressure learning system 100 1s shown. The system 100 may
be implemented in a vehicle (e.g., car, truck, van, sport
utility vehicle/SUYV, taxi, shuttle, aircrait, etc.) (not shown
here) to dynamically monitor and accurately validate
changes 1n the pressure of individual tires of the vehicle. In
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some embodiments, the system 100 may monitor the tire(s)
and other factors (e.g., ambient temperature, internal tire
temperature, tire pressure, altitude, etc.) that directly or
indirectly 1mpact tire performance.

System 100 may include a processor 110, memory 120, a
tire pressure monitoring sensors (IPMS) array monitor 130,
a weather data subsystem 140, and a TPMS machine leamn-
ing subsystem 150. The processor 110 and memory 120 may
be 1n commumnication with the TPMS array monitor 130, the
weather data subsystem 140 and the TPMS machine learn-
ing subsystem 1350. The TPMS array monitor 130 may
include one or more sensors, €.g., sensor 130a, sensor 1305,
130c, 130d, and 130e, to measure and collect data related to
individual vehicle tires (not shown here). The collected data
includes tire pressure (1.€., an air pressure 1nside a pneumatic
tire), and may also include other variables that affect tire
pressure including, for example, iternal tire temperature
(1.e., temperature within the bladder of the tire), tire speed
(1.e., rotational speed), torque, tire load, ambient tempera-
ture, road conditions, altitude, etc. The foregoing examples
of variables have been provided for discussion purposes and
the disclosure 1s not intended to be limited to these example.
As a result, embodiments may encompass additional vari-
ables that fall within the spirit and scope of the principles of
the disclosure set forth herein.

The TPMS array monitor 130 may also provide a warning,
to a driver for a low pressure or a high pressure. The warning,
may be based on, for example, a detected pressure being
outside of a recommended pressure range. The warning by
be provided via a visual, haptic, and/or audible alert (e.g., a
graph, gauge, light, dial or other indicator on a display or
monitor, or a speaking alert, chirp, beep, and the like). The
individual sensors of the TMPS array monitor 130 may
comprise a variety of sensor types, including but not limited
to, for example, direct (1.e., valve stem type) sensors that
directly measure an internal pressure of the tire, or indirect
sensors that do not directly measure internal pressures but
monitor wheel rotational speed and other signals outside of
the tire to determine internal tire pressures.

As an example, tire manufacturers may provide a recom-
mendation that a tire be 1nflated to a range of 35 pounds per
square 1nch to 51 pounds per square include (35 psi-51 psi).
If the detected pressure 1s determined to be below 35 psi, a
low pressure or under-intlation warning will be 1ssued.
Similarly, 1f the detected pressure 1s determined to be above
51 ps1, a high pressure or over-inflation warning will be
issued. The TPMS array monitor 130 may be set or pro-
grammed with these pressures to trigger an alert. These
pressures and pressure range are provided solely as
examples, and other pressures and pressure ranges may be
used based on knowledge within known to a person of
ordinary skill 1n the art. Further, while standard pressures
and pressure ranges recommended by the tire manufacturer
are envisioned, other pressures and pressure ranges outside
of those recommended by the manufacturer may also be
used based on knowledge known to a person of ordinary
skill 1n the art.

The weather data subsystem 140 may include a processor
142 and memory or a database 144. The weather data
subsystem 140 may receive an input from one or more
weather sensors 146 to collect weather-related data, e.g.,
ambient air temperature and pressure, as well as data col-
lected from the TPMS array monitor 130. The weather data
subsystem 140 may store and correlate the collected weather
data with data received from the TPMS array monitor 130.
The database 144 may store and correlate the collected data
in a variety of schemes to provide context for the collected
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data including, for example, correlating the tire pressure data
with the date, time of day, ambient air temperature, and other
weather-related conditions that may affect tire pressure. The
TPMS machine learning subsystem 130 may include a
processor 152 and memory 154, and 1s 1n communication
with the TPMS array monitor 130, and weather data sub-
system 140.

The TPMS machine learning subsystem 150 uses the data
received from the TPMS array monitor 130 and weather data
subsystem 140 to determine a probable accuracy of a tire
pressure alert. The TPMS machine learning subsystem 1350
may also check for outliers in the weather patterns to
determine the accuracy of the TPMS alert. Outliers may
include, for example, an unexpected and/or substantial
deviation 1n a daily air temperature (e.g., average high or
low temperature, average temperature swing, and the like)
that would tend to suggest that the temperature 1s likely to
return to the expected temperature.

The TPMS machine learning subsystem 150 may deter-
mine a relationship between tire pressure and air tempera-
ture. The tire pressure may, for example, have a direct
relationship with air temperature. The TPMS machine learn-
ing subsystem 150 may determine based on information
received from the weather data subsystem 140, for example,
that a relationship between temperature (e.g., degrees Fahr-
enheit) and tire pressure (e.g., ps1) of ten-to-one (10:1) (1.e.,
10° F.-to-1 ps1). As a result, a ten (10) degree Fahrenheit
decrease (-10° F.) 1n temperature would likely result 1n a
change 1n tire pressure of -1 psi, a twenty (20) degree
Fahrenheit decrease (-20° F.) 1in temperature would likely
result in a change in tire pressure of -2 psi, a thirty (30)
degree Fahrenheit decrease (-30° F.) in temperature would
likely result in a decrease 1n tire pressure of 3 psi, a forty (40)
degree Fahrenheit decrease (-40° F.) in temperature would
likely result 1n a change 1n tire pressure of —4 ps1, and so
forth. Based on this correlation, when the tire pressure 1s at
36 psi, a thirty (30) degree Fahrenheit decrease (-30° F.) 1n
temperature would likely cause a decrease in tire pressure of
-3 ps1 which would result in a tire pressure of 33 psi (1.e.,
36 psi-3 ps1=33 ps1). If the tires have a recommended
pressure inflation range of 35 psi1 to 51 psi, the decrease 1n
tire pressure to 33 ps1 would cause a low pressure alert to be
1ssued by the TPMS array monitor 130. The TPMS machine
learning subsystem 130 would determine based on the
weather data (1.e., a 30° F. decrease in air temperature)
provided by the weather data subsystem 140, that the
corresponding 3 psi decrease 1n tire pressure (1.€., a current
tire pressure of 33 psi) 1s accurate. As a result, the TPMS
alert would be determined to be accurate.

In at least some embodiments, the weather data subsystem
140 may also provide, when the weather 1s determined to be
fluctuating, an alert that an indicator associated with the one
or more TPMS may have been activated due to changing
weather. Such an alert may signify that the pressure change
in the tire 1s due to weather changes, and not due to damage
to the tire or another hazardous condition. Some examples of
alerts due to changing weather may include temperature
swings when the seasons are changing, temperature changes
during severe weather events, temperature and pressure
changes due to changes 1n elevation, etc. The weather data
subsystem 140 may also provide, when the weather 1s
determined to be substantially steady, an alert that an indi-
cator associated with the one or more TPMS may not have
been activated due to weather. Such an alert may signitfy that
the pressure change 1n the tire 1s due to damage (e.g., a
puncture or poor seal) or another hazardous condition (e.g.,
hard braking, burnouts, high g-forces, etc.). The weather
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data subsystem 140 may use this information to better
determine the accuracy and/or cause of a TPMS alert.

In at least some embodiments, when determining the
accuracy and/or cause of a TPMS alert, the TPMS machine
learning subsystem 150 may also determine a probability
that a tire hit a pothole or other road hazard within a defined
period of time. The period of time may correspond with an
event such as an 1ncrease 1n a torque or pressure at a tire
consistent with an encounter with a pothole including, for
example, a spike in tire pressure, a swerve or sharp turn of
the vehicle, and other similar events. The torque data and/or
pressure data may be measured by sensors 130a-130e and
saved to memory 154 of the TPMS machine learning sub-
system 150. One or more cameras and/or depth sensors 156
may also provide an input to the TMPS machine learning
subsystem 130 related to road data such as potholes or other
road hazards. The cameras or depth sensors 156 may utilize
various detection principles including, for example, video,
lidar, sonar, radar, and the like to detect potholes, debris and
other hazards in the road. The cameras 156 may be posi-
tioned on the exterior of the vehicle (e.g., in a front bumper,
orille, lower fascia, etc.) to detect road data such as potholes
or other road hazards (e.g., debris, obstructions, and the like)
and save the road data to memory 154. The cameras 156 may
use one of various machine learning-based object detection
approaches to identily the road data including a type (i.e.,
class) of a hazard or object.

Upon the detection of a pothole or other road hazard by
the cameras 156, the TPMS machine learning subsystem 150
may tag and save the detected road data to memory 154
including a hazard type (e.g., pothole, debris, sharp object,
etc.) and a location (e.g., from a GPS unit of the vehicle or
a connected smart device). The tags may also optionally
include a picture and a degree or severity of the hazard.
Upon a change (1.e., increase or decrease) 1n tire torque or
pressure, the TPMS machine learning subsystem 150 may
correlate the tire torque or pressure with the saved road data
to determine a probability that a tire hit a pothole or other
road hazard (as detected by the cameras) within a defined
period of time and/or location. The time and/or location may,
for example, correspond with the location of a detected
pothole or other road hazard.

The TPMS machine learning subsystem 150 may indicate
that an increase 1n tire torque or pressure correlates with a
pothole, obstruction, or other road hazard that has likely
been hit by the tire causing a sudden increase in torque or
pressure. On the other hand, a decrease 1n tire pressure may
indicate, for example, that the tire has been punctured—
possibly by a pothole, obstruction, or other road hazard. In
some 1nstances, contact by a tire with a pothole, obstruction,
or other road hazard may lead to an increase in tire torque
or pressure, followed by a decrease 1n pressure. Such a
scenario would tend to indicate that a tire has been punc-
tured.

The TPMS machine learning subsystem 150 may store
detected road information and use the road immformation to
profile the tire torque and pressure characteristics over time
in order to better 1dentity road hazards and the associated
risks presented by the hazards. As an example, the TPMS
machine learning subsystem 150 may correlate a detected
increase or spike in tire torque or pressure with a pothole
detected by cameras 156. The TPMS machine learning
subsystem 130 may also commumnicate with TPMS machine
learning systems of one or more other vehicles to share (i.e.,
transmit/receive) road information with (i.e., to/from) the
other vehicles. As a result, the TPMS machine learning
subsystem 150 may also correlate a detected increase or
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spike 1n tire torque or pressure with road information that
has been 1dentified and shared by a TPMS machine learning
system ol another vehicle.

In at least some embodiments, the TPMS machine learn-
ing subsystem 150 may also determine a cause and severity
of a changing tire pressure. As an example, the TPMS
machine learning subsystem 150 may determine that a
changing tire pressure 1s due to a detected pothole that
corresponds with the location of the vehicle and a change 1n
the torque and/or pressure of a tire.

The TPMS machine learning subsystem 150 may also
determine a cause and severity of a changing tire pressure.
For example, a profile of the hazard and a degree (1.e., rate)
of the change 1n torque or pressure may be used to determine
the cause and severity. This information may also be used to
determine or predict a further tire icident including, for
example, a slow leak that will likely lead to a flat over an
extended period of time, a moderate leak that will likely lead
to a flat 1n a short period of time, a puncture that will likely
lead to an immediate failure of the tire, runming over debris
that will likely cause a flat, and the like.

FIG. 2 illustrates a more detailed block diagram of an
example of a vehicle tire pressure learning system 200. The
system 200 may be implemented in a vehicle 210. The
vehicle 210 may include one or more tires 220a-220e, and
the vehicle tire pressure learning system may include a
TPMS array monitor 230 in communication with sensors
230a-230e, a weather data subsystem 240, and a TPMS
machine learning subsystem 230. The tires 220a, 2205,
220¢, 220d, and 220e, may correspond to, for example, a
front driver-side tire 220q, a front passenger-side tire 2205,
a rear driver-side tire 220c¢, a rear passenger-side tire 2204,
and an optional spare tire 220e. Each tire 220a-220¢ 1s
mounted on a wheel or hub assembly (not shown) having a
sensor 230a-230e such as sensors 130a-130e as discussed
above with respect to FIG. 1.

The TPMS array momitor 230 recerves mputs from sen-
sors 230a-230¢ that measure and collect data related to a
pressure of a tire associated with the one from one or more
sensors 230aq-230e. The collected data may include tire
pressure, internal tire temperature, tire rotational speed,
torque, and other data that may aflect tire pressure. The
TPMS array monitor 230 may also provide a warning to a
driver for a low pressure or a high pressure. The weather
data subsystem 240 1s in communication with sensors 230a-
230e via the TPMS array monitor 230 to determine weather
patterns based at least 1n part on information received from
the sensors 230a-230e. The weather patterns may be deter-
mined based at least 1n part on mnput received from one or
more weather sensors 246 that collect weather-related data,
¢.g., ambient air temperature, pressure, and the like. The
weather data subsystem 240 may also receive and store data
collected by the TPMS array monitor 230 1n a database (not
shown here).

The TPMS machine learning subsystem 250 may receive
information from the weather data subsystem TPMS array
monitor 230 and the weather data subsystem 240 to deter-
mine a probable accuracy of a TPMS alert (e.g., an under-
inflation or over-inflation alert) based on the TPMS data.
When determining the probable accuracy, the TPMS
machine learning subsystem 250 may also check for outliers
in the weather patterns.

The TPMS machine learning subsystem 250 may corre-
late and refine the collected weather data with the collected
tire pressure data to provide context for the collected data
including, for example, correlating the tire pressure data on
various parameters that might affect tire pressure such as the
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date, time of day, ambient air temperature, weather patterns
(e.g., temperature tluctuations, steady states, etc.), and other
weather-related conditions. The correlated data may allow
the system to more easily identily patterns and dependencies
(1.e., temperature-pressure) in the data. The correlated data
may also allow the system to identily outliers 1n the data.

The TPMS machine learming subsystem 2350 may also
receive mput from cameras or depth sensors 256 related to
road data such as potholes or other road hazards, and
determine a probability that a tire hit a pothole or other road
hazard within a defined period of time by checking saved
road and torque data.

The TPMS machine learning subsystem 250 may also
share information with one or more machine learning sys-
tems associated with one or more other vehicles. The TPMS
machine learning subsystem 230 may thereby more accu-
rately determine whether an indicator associated with one or
more TPMS was activated due to changing weather, and to
determine a cause and severity of a changing tire pressure.
The TPMS machine learning subsystem 250 may also
predict a further tire incident such as under-inflation, over-
inflation, or damage.

FIGS. 3A-3C illustrate examples of typical vehicle tire
tread and road surface contact patterns according to at least
one embodiment.

FIG. 3 A 1llustrates a partial cross-section of a profile of a
properly inflated tire 300a. Properly inflated tires, such as
tire 300aq, maintain a proper rigidity of the tire sidewalls
320q, and maintain more even contact across the tire treads
310a and the road surface 302a. The even contact provides
more consistent control of traction, acceleration, steering
and braking than improperly inflated tires. The treads 310a
of properly inflated tires also wear more evenly which may
extend the life and safety of the tires 310a, and lead to
improved fuel efliciency.

FI1G. 3B illustrates a partial cross-section of a profile of an
under-inflated tire 30054. Under-inflated tires, such as tire
3000, tend to not maintain the proper rigidity of the tire
sidewall 32056. As a result, the under-inflated tires tend to
contact the road surface 30256 more at each perimeter/edge
of the tire 3025 and along the sidewall 3205, and make less
contact 1n the center/middle of the tire 3025. Due to the
tread-surface contact pattern, the treads 3105 under-inflated
tires 3005 tend to wear unevenly which leads to shortened
life and decreased safety. Under-inflated tires, e.g., tire 3005,
tend to provide poorer control of traction, acceleration,
steering and braking than properly inflated tires, e.g., tire

300a.

FI1G. 3C illustrates a partial cross-section of a profile of an
over-inflated tire 300¢c. Over-inflated tires, such as tire 300c,
tend to have sidewall 320c¢ that are too rigid. The tire 300c¢
also tends to contact the road surface 302¢ primarily at the
center/middle of the tire, and have less contact on the
perimeter/edge of the tire. As a result, over-inflated tires also
tend to wear unevenly thereby leading to shortened life, and
provide considerably poorer control of traction, accelera-
tion, steering and braking than properly inflated tires, e.g.,
tire 300a. As 1llustrated by these example, avoiding improp-
erly inflated tires, and maintaining proper tire inflation
provides significant benefits related to safety, performance,
clliciency and wear.

FIG. 4 1s a flowchart of an example of a method of
operating vehicle tire pressure learming system according to
an embodiment. The method 400 may be implemented 1n
logic 1nstructions (e.g., software), configurable logic, fixed-
functionality hardware logic, etc., or any combination
thereof.
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Illustrated processing block 402 collects tire pressure data
from one or more tire pressure monitoring sensors (IPMS)
associated with one or more vehicle tires. The TPMS may
be, for example, sensors 130a-130¢ of sensor array 130, or
sensor 230a-230e, as discussed above with respect to FIGS.
1 and 2, respectively.

Block 404 determines based on the collected tire pressure
data whether a tire pressure associated with the one or more

TPMS 1s high or low. If *“Yes” at block 404, block 406

provides a warning to a driver or user of the high or low tire
pressure, and this portion of the process ends. The alert may
be 1n any form including, for example, audible, visual,
graphical, and the like. If “No” at block 404, this portion of
the process ends.

At block 408, weather-related data 1s received from one or
more weather sensors and/or TPMS. The weather-related

data may include, for example, ambient air temperature and
pressure as collected by one or more sensors such as weather
sensors 146, as well as data collected from the TPMS
130a-130e.

Block 410 determines weather patterns based on the
weather-related data.

Block 412 determine whether the measured air tempera-
ture 1s fluctuating. IT *“Yes™ at block 412, block 414 provides
an alert that the air temperature has been determined to be
substantially fluctuating and an indicator associated with the
one or more TPMS may have been activated due to changing
weather.

If “No” at block 412, block 416 provides an alert that the
air temperature has been determined to be substantially
steady and that an indicator associated with the one or more
TPMS may not have been activated due to weather.

Block 418 determines a probable accuracy of the TPMS
alert based on the TPMS data and the weather-related data
including outliers 1n the weather-related data. The possible
accuracy ol the alert may be determined, for example, by a
TPMS machine learning subsystem 150 by correlating the
tire pressure data and the weather-related data including
outliers in the weather-related data, as discussed above with
respect to FIG. 1.

The term and phrase “communication” and “in commu-
nication”, respectively, may be used herein to refer to any
type of relationship, direct or indirect, between the systems,
subsystems, and components 1n question, and may apply to
clectrical, mechanical, fluid, optical, electromagnetic, elec-
tromechanical or other connections. In addition, the terms
“system” and “subsystem” may be used interchangeably
herein and may not be rigidly defined schematically unless
otherwise 1ndicated.

Those skilled 1n the art will appreciate from the foregoing
description that the broad techniques of the embodiments of
the mnstant disclosure can be implemented 1 a variety of
forms. Therefore, while the embodiments have been
described in connection with particular examples thereof,
the true scope of the embodiments should not be so limited
since other modifications will become apparent to the skilled
practitioner upon a study of the drawings, specification, and
tollowing claims.

We claim:
1. A vehicle tire pressure learning system comprising:
a Processor;
one or more tire pressure monitoring sensors (IPMS), 1n
communication with the processor, to:
collect data related to a pressure of one or more tires of
a vehicle, and
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provide a TPMS alert for a low or high tire pressure;
a weather data subsystem, 1n communication with the one
or more TPMS, to determine weather patterns based on
weather-related data received from one or more
weather sensors, wherein the weather patterns include
fluctuations and steady states of temperature; and

a TPMS machine learning subsystem in communication

with the one or more TPMS and the weather data
subsystem, wherein the TPMS machine learning sub-
system includes a processor and memory having a set
of nstructions, which when executed by the processor,
cause the TPMS machine learning subsystem to deter-
mine a probable accuracy of the TPMS alert based on
the TPMS data and the weather-related data,

wherein the TPMS machine learning subsystem 1s to

predict when running over debris will cause a flat.

2. A vehicle tire pressure learning system comprising:

a Processor;

one or more tire pressure monitoring sensors (IPMS), in

communication with the processor, to:

collect data related to a pressure of one or more tires of

a vehicle, and

provide a TPMS alert for a low or high tire pressure;
a weather data subsystem, 1n communication with the one

or more TPMS, to determine weather patterns based on

weather-related data received from one or more

weather sensors, wherein the weather patterns include

fluctuations and steady states of temperature; and

a TPMS machine learning subsystem in communication

with the one or more TPMS and the weather data
subsystem, wherein the TPMS machine learning sub-
system includes a processor and memory having a set
of mnstructions, which when executed by the processor,
cause the TPMS machine learning subsystem to deter-
mine a probable accuracy of the TPMS alert based on
the TPMS data and the weather-related data,

wherein the weather data subsystem 1s further to:

provide, when the weather 1s determined to be substan-

tially fluctuating, an alert that an indicator associated
with the one or more TPMS may have been activated
due to changing weather, and

provide, when the weather 1s determined to be substan-

tially steady, an alert that an indicator associated with
the one or more TPMS may not have been activated due
to weather.

3. The system of claim 1, further comprising one or more
cameras to provide an input to the TPMS machine learning
subsystem related to road data, wherein the road data
includes information related to a pothole or other road
hazard.

4. The system of claim 3, wherein the TPMS machine
learning subsystem 1s further to determine a probability that
a tire hit a pothole or other road hazard within a defined
period of time, wherein determiming the probability includes
checking saved road and torque data.

5. The system of claim 3, wherein the TPMS machine
learning subsystem 1s further to determine a cause and a
severity of a changing tire pressure.

6. The system of claim 3, wherein the TPMS machine
learning subsystem 1s to share information with one or more
other machine learning systems associated with one or more
other vehicles.

7. A method of operating a vehicle tire pressure learning,
system comprising:

collecting, via one or more tire pressure monitoring

sensors (1PMS), data related to a pressure of one or
more tires of a vehicle:
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providing a TPMS alert for a low or high tire pressure;

determining, via a weather data subsystem, weather pat-

terns based on weather-related data received from one
or more weather sensors, wherein the weather patterns
include fluctuations and steady states of temperature;
determining, via a TPMS machine learning subsystem, a
probable accuracy of the TPMS alert based on the
TPMS data and the weather-related data; and

predicting, via the TPMS machine learning subsystem,
when running over debris will cause a flat.

8. A method of operating a vehicle tire pressure learning
system comprising;:

collecting, via one or more tire pressure monitoring,

sensors (1PMS), data related to a pressure of one or
more tires of a vehicle;

providing a TPMS alert for a low or high tire pressure;

determining, via a weather data subsystem, weather pat-

terns based on weather-related data received from one
or more weather sensors, wherein the weather patterns
include fluctuations and steady states of temperature;
determining, via a TPMS machine learning subsystem, a
probable accuracy of the TPMS alert based on the
TPMS data and the weather-related data;

providing, when the weather 1s determined to be substan-
tially fluctuating, an alert that an indicator associated
with the one or more TPMS may have been activated
due to changing weather, and

providing, when the weather 1s determined to be substan-

tially steady, an alert that an indicator associated with
the one or more TPMS may not have been activated due
to weather.

9. The method of claim 7, further including providing, via
one or more cameras, an mput related to road data, wherein
the road data includes information related to a pothole or
other road hazard.

10. The method of claim 9, further including determiming
a probability that a tire hit a pothole or other road hazard
within a defined period of time, wherein determining the
probability includes checking saved road data and torque
data.

11. The method of claim 9, further including determining
a cause and a severity of a changing tire pressure.

12. The method of claim 7, wherein the TPMS machine
learning subsystem 1is to share information with one or more
other machine learning systems associated with one or more
other vehicles.

13. At least one non-transitory computer readable storage
medium comprising a set of mstructions, when executed by
a processor, cause the processor to:

collect, via one or more tire pressure monitoring sensors

(TPMS), data related to a pressure of one or more tires
of a vehicle;

provide a TPMS alert for a low or high tire pressure;

determine, via a weather data subsystem, weather patterns

based on weather-related data received from one or
more weather sensors, wherein the weather patterns
include fluctuations and steady states of temperature;

determine, via a TPMS machine learning subsystem, a

probable accuracy of the TPMS alert based on the
TPMS data and the weather-related data; and

predict, via the TPMS machine learning subsystem, when

running over debris will cause a flat.

14. At least one non-transitory computer readable storage
medium comprising a set of mstructions, when executed by
a processor, cause the processor to:
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collect, via one or more tire pressure monitoring sensors
(TPMS), data related to a pressure of one or more tires
of a vehicle;

provide a TPMS alert for a low or high tire pressure;

determine, via a weather data subsystem, weather patterns
based on weather-related data received from one or
more weather sensors, wherein the weather patterns
include fluctuations and steady states of temperature;
and

determine, via a TPMS machine learning subsystem, a
probable accuracy of the TPMS alert based on the
TPMS data and the weather-related data,

wherein the instructions, when executed, further cause the
processor to:

provide, when the weather 1s determined to be substan-
tially fluctuating, an alert that an indicator associated
with the one or more TPMS may have been activated
due to changing weather, and
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provide, when the weather 1s determined to be substan-
tially steady, an alert that an indicator associated with
the one or more TPMS may not have been activated due
to weather.

15. The at least one non-transitory computer readable
storage medium of claim 13, wherein the mstructions, when
executed, Turther cause the processor to determine a prob-
ability that a tire hit a pothole or other road hazard within a
defined period of time, wherein determining the probabaility
includes checking saved road data and torque data.

16. The at least one non-transitory computer readable
storage medium of claim 13, wherein the 1nstructions, when
executed, further cause the processor to determine a cause
and a severity of a changing tire pressure.

17. The at least one non-transitory computer readable
storage medium of claim 13, wherein the nstructions, when
executed, further cause the processor to share information
with one or more other machine learning systems associated
with one or more other vehicles.
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